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Abstract 
Classical faecal indicator bacteria such as faecal coliforms, Escherichia coli and enterococci have long been 
employed as indicators to detect potential faecal pollution in environmental waters. However, the reliability of 
such indicators has been questioned in terms of their ability in predicting pathogenic microorganisms. 
Another major limitation of these classical indicators is that they cannot be used to distinguish the sources of 
faecal pollution which must be known to ensure the improved management of water quality and subsequent 
health risks assessment. Such limitations can be partly overcome using alternative faecal indicator bacteria 
such as anaerobes (i.e. Bacteroides spp., Bifidobacteria spp., Clostridium perfringens) and viruses. In recent 
years, the use of alternative indicator bacteria has greatly improved the ability to predict the sources of faecal 
pollution. Polymerase chain reaction (PCR) based methods have shown that these alternative indicators can 
provide sensitive and accurate measure of faecal pollution in environmental waters. In this paper, the 
advantages and limitations of using alternative indicator bacteria in terms of predicting the sources of faecal 
pollution have been critically evaluated. Additionally, the correlations between alternative indicators and 
pathogens in environmental waters and future research directions have also been discussed.  
 
Introduction 
Coastal and inland waters are commonly polluted by pathogenic microorganisms. Non-point sources such as 
domestic and wild animals, malfunctioning on-site wastewater treatment systems, urban runoff, point sources 
such as industrial effluents and raw sewage are known to be potential sources of such pollution. The public 
health risk from human associated faecal pollution is well recognised and the risk is considered to be greater 
than animal sourced faecal pollution (Field & Samadpour 2007). However, pathogens such as Escherichia 
coli O157:H7, Salmonella, Campylobacter jejuni, Giradia spp., Cryptosporidium spp. and hepatitis E viruses 
can be spread via animal faecal pollution (Craun et al. 2004). As the direct monitoring of pathogens in water 
is not feasible due to low concentration and difficulty in growing, faecal indicators such as faecal coliform, E. 
coli, enterococci and Clostridium perfringens have long been used to assess the microbiological quality of 
surface and ground waters. Epidemiological studies have established human health standards based on 
exposure to faecal indicator bacteria (Pruss et al. 1998). However, the ideal faecal indictor bacteria should 
satisfy specific criteria such as - it should be universally native to the intestine of warm-blooded animals, 
should not be pathogenic, the concentration present should be higher than pathogens, should not multiply 
outside the host and should be resistant to a variety of environmental stresses. Finally, it should have a strong 
association with the presence of pathogenic microorganisms. The shortcomings of the traditional indicators in 
relation to these have been widely reported in the literature. These include: 
1. May originate from non-faecal sources (Scott et al. 2002); 
2. Ability to replicate in environmental waters  in tropical regions (Desmarais et al. 2002); 
3. Susceptable to the disinfection process (Hurst et al. 2002); 
4. Cannot be employed to differentiate the sources of faecal pollution (Field et al. 2003); and 
5. Weak association with the presence of pathogens (Horman et al. 2004).  
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Some of these limitations related to classical faecal indicators could be partly overcome using alternative 
faecal indicators such as faecal anaerobes (Bernhard & Field 2000; Resnick & Levin 1981), viruses (Borrego 
et al. 1987) and faecal organic compounds (Leeming & Nichols 1996). The most important feature in 
alternative indicators is that some of them could be used to distinguish the sources of faecal pollution 
allowing better management practices to be implemented to minimise the potential health risks.   
In this review, the advantages and limitations of alternative indicators have been critically evaluated for their 
ability to predict the sources of faecal pollution. The correlation between alternative faecal indicators with 
pathogens has also been discussed. Furthermore, current methodologies for direct monitoring of pathogens in 
environmental waters and future research directions have been discussed. 
Alternative indicators 
The most commonly used alternative indicators have been listed in Figure 1. The advantages and limitations 
of these indicators have been discussed below.   
 
 
1. Bacteroides spp. 
The members of the Bacteroides genus hold promise as alternative indicators of faecal pollution (Kreader 
1995) due to a number of advantages including short survival rates outside the hosts, exclusivity to the gut of 
warm-blooded animals and constitutes a relatively larger portion of faecal bacteria compared to traditional 
indicators (Sghir et al. 2000). However, the use of these anaerobes for water quality monitoring is limited 
because of difficulty in growing. Nevertheless, the recent advances in PCR technology results in rapid 
detection and identification of these microorganisms (Field & Samadpour 2007).  It has been reported that 
certain species in the genus Bacteroides could be host-specific (Allsop & Stickler 1985). A recent study 
reported the identification of human and bovine specific Bacteroides-Prevotella 16S rRNA gene markers by 
using length heterogeneity (LH) PCR and terminal restriction fragment length polymorphism (T-RFLP) and 
concluded that these markers could be used to detect human or bovine origin faecal pollution (Bernhard & 
Field 2000). Due to these advantages, PCR detection of Bacteroides markers has emerged as a potential tool 
for faecal source tracking (FST) field studies in the USA (Bernhard et al. 2003), France (Gourmelon et al. 
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2007), UK, Portugal, Ireland (Gawler et al. 2007), Belgium (Seurinck et al. 2006), Japan (Okabe et al. 2006) 
and Australia (Ahmed et al. 2007). Real-time PCR methods have been developed and used to quantify the 
humans-specific Bacteroides markers in environmental samples (Okabe et al. 2006; Seurinck et al. 2006).  
Bacteroides spp. generally survive up to 6 days under limited oxygen (Avelar et al. 1998) while the human-
specific Bacteroides marker could persist in freshwaters for up to 8 days at 23 C under laboratory conditions 
(Seurinck et al. 2005). However the die-off rate of Bacteroides spp. could be triggered by environmental 
factors such as temperature and predation (Rozen & Belkin 2001). A limitation of the Bacteroides markers is 
that specificity must be assessed prior to application because horizontal transfer of faecal bacteria is possible 
among species in close contact such as humans and dogs (Dick et al. 2005).    
2. Bifidobacterium spp. 
Bifidobacteria are obligate anaerobic, non-spore forming enteric bacteria, which are abundant in human 
faeces and rarely found in animals (Evison & James 1974). As such, Bifidobacteria are considered as a 
potential faecal indicator to identify human faecal pollution. The key advantage of Bifidobacterium spp. is 
that they do not replicate in the environments due to strict growth requirements and therefore provide 
evidence of recent faecal pollution (Mara & Ogurai 1983). However, the use of Bifidobacteria for routine 
monitoring of water quality is limited similar to Bacteroides spp. due to difficulty in growing using traditional 
methods. It has been reported that certain Bifidobacterium spp. are host-specific (Bonjoch et al. 2004). PCR 
and real-time PCR assays have been developed to detect and quantify these host-specific Bifidobacterium spp. 
in environmental samples (Bonjoch et al. 2004). One major disadvantage of these bacteria is their limited 
persistency as the numbers can decrease by 3 to 4 orders of magnitude within 2 weeks in the environment. In 
addition, high background levels of predators and gram-positive bacteria can prevent growth and/or detection 
of Bifidobacterium spp. (Rhodes & Kator 1999). Little is known regarding the persistence and geographical 
distribution of Bifidobacterium markers. This group of bacteria warrant further investigation regarding 
survival ability and correlation with pathogens. 
3. Clostridium perfringens 
C. perfringens are spore forming sulphite reducing, anaerobic bacteria which are commonly found in the gut 
of warm-blooded animals. The advantage of using this bacterium is that unlike traditional indicators, they do 
not replicate in natural waters due to their strict growth requirements (Davies et al. 1995). C. perfringens are 
extremely resistant to disinfection processes and environmental stresses as most of the populations form 
spores. As such, they persist longer in the environment than traditional faecal indicators and pathogens. 
Consequently, these microorganisms have been suggested as an indicator for the inactivation and removal of 
viruses in drinking water treatment (Payment & Franco 1993). A criticism of C. perfringens usage is that they 
may not be suitable for identifying recent faecal pollution because their persistence results in detection long 
after the pollution event (Desmarais et al. 2002). In addition, the use of C. perfringens do not provide 
information regarding the polluting sources.  Similar to many alternative fecal indicators, C. perfringens 
standards have not yet been evaluated based on epidemiological studies in relation to the acceptable risk 
associated with faecal pollution.  
4. Bacteroides fragilis bacteriophage 
B. fragilis is an anaerobic gram-negative rod-shaped bacterium present in high numbers in both humans and 
animals. The phages which infect B. fragilis, have been proposed as a suitable indicator for human faecal 
pollution. B. fragilis HSP 40 strain has been found in human samples but not detected in samples from 
animals (Tartera & Jofre 1987). For this reason B. fragilis bacteriophage is considered as a potential candidate 
for human faecal pollution tracking in surface waters. The key advantage of using Bifidobacterium spp. is that 
they do not replicate in the environment. In addition, their presence in the environment has been found to 
significantly correlate with the presence of human enteric viruses (Jofre et al. 1989). However, these phages 
do not occur commonly in some geographical areas including USA and Canada. Additionally, the difficulty in 
recovering this phage from waters with low levels of faecal pollution limits the use of this organism as a 
faecal indicator.   
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5. F-specific RNA coliphage 
Coliphages are viruses that infect E. coli found in human intestines. It has been reported that animal and 
human faeces contain different serotypes of RNA coliphages and therefore can be used to identify the sources 
of faecal pollution (Cole et al. 2003). The F+ RNA coliphages comprise of 4 sub groups namely I, II, III and 
IV. Members of group I are commonly found in both humans and animals while group IV is associated with 
only animals. However, members from group II and III have been found to be associated with sewage. One 
important feature of phages is that their physical characteristics and genetic makeup are similar to human 
enteric viruses. As such, coliphages have been considered as an index of viral pollution. Another notable 
feature is that coliphages exhibit high resistance to the water purification process. Hence, they could be 
valuable indicators for viral inactivation by both UV and chemical disinfectants (Kott et al. 1974). It has been 
reported that coliphages are relatively sensitive to high temperature and sunlight inactivation in seawater 
(Chung & Sobsey 1993). Nonetheless, coliphages exhibit much better resistance in freshwater systems where 
they could be considered as a potential indicator of enteric viruses (Sinton et al. 2002). Overall, further 
research into the differential survival characteristics and genetic characterisation of the various groups of 
coliphage is warranted.   
6. Faecal sterols 
Faecal sterols and stanols have also been used as alternative indicators of faecal pollution (Leeming et al. 
1996). Coprostanol is the major (comprises about 40-60% of the total sterol content) sterol in human faeces 
and is considered a biomarker of human faecal pollution (Leeming et al. 1994). However, the use of 
coprostanol alone as a biomarker can lead to a false indication of results as it is also present in the faeces of 
other animals. In addition, small amounts can be generated from cholesterol in anaerobic sediments (Mudge et 
al. 1999). As such, the ratio of coprostanol with other faecal sterols has been proposed as an approach to 
identify the sources of human/animal faecal pollution (Bull et al. 2003). Coprostanol is strongly bound to 
particulate matter when faeces are released into the environment (Hatcher & McGillivary 1979). Although 
faecal sterols degrade in environmental waters in 1-2 weeks under aerobic conditions, but when they are 
incorporated into the sediments they can persist for a relatively longer time under anaerobic condition (Barlett 
1987). Therefore, the presence of coprostanol in sediments indicates remote faecal pollution. The use of 
coprostanol warrants further investigation due to the lack of host-specificity, sensitivity to detect faecal 
pollution in mixed faecal sources and expensive analytical technique (Elhmmali 1998). In addition, no direct 
relationship has been established between the presence of faecal sterols and pathogenic organisms or 
consequent health risks (Scott et al. 2002).  
7. Caffeine 
Caffeine has also been used as a potential indicator of contamination of surface and ground waters (Seiler et 
al. 1999). Caffeine is of anthropogenic origin and is found in beverages and many pharmaceutical products. It 
has been suggested that the presence of caffeine in the environment could indicate the presence of human 
faeces. However, the application of caffeine as an indicator of faecal pollution is limited because high 
concentration of these chemicals must be present in receiving waters to be detected. It has been reported that 
only 3% of ingested caffeine is excreted in the urine. As such, dilution of more than 1:200 would make it 
difficult to detect. Furthermore, similar to faecal sterols, no direct relationship has been established between 
the presence of caffeine and pathogenic microorganisms. 
Correlation between alternative indicators and pathogens 
The correlation between indicator bacteria (both classical and alternative indicators) and pathogenic 
microorganisms is one of the most important issues in health risks assessment. Little is known regarding the 
correlation between faecal anaerobes (i.e. Bacteroides spp. and Biofidobacterium spp.) and pathogens. A 
recent study found a positive correlation between general Bacteroides spp. and zoonotic pathogens (Walters et 
al. 2007). In the same study, ruminant-specific markers were also found to predict the presence of E. coli 
O157:H7 and Salmonella while the human specific markers predicted the presence of Campylobacter spp. 
Another recent study in California reported a moderate correlation between the presence of human-specific 
marker and polyomavirus in surface waters. Human-specific Bacteroides markers were also found to show 
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significant correlation with E. coli O157 and Salmonella spp.  Davies and Colleagues (1995) reported a high 
correlation between C. perfringens and occurrence of pathogens.  Significant correlation was also observed 
between the presence of C. perfringens and Salmonella spp. in fresh and marine waters. Positive correlation 
between bacteriophage, enteric viruses and other pathogens has been demonstrated for marine waters by 
Rozen Colleagues (2001). However, there has been no published data on the correlation between chemical 
indicators and pathogens.  
Conclusions and future directions 
The use of alternative faecal indicator bacteria appears to be promising in terms of distinguishing the sources 
of faecal pollution in environmental waters. However, studies reporting the correlation between these 
alternative indicators and pathogens are limited and warrant further investigation. None of the classical and/or 
alternative indicators can be seen as a ‘gold standard’ in terms of predicting the presence of pathogenic 
bacteria, viruses and protozoans.  However, a combination of classical indicators along with alternative 
indicators and markers could provide valuable information regarding the magnitude of faecal pollution, its 
origin and possible correlation with pathogens. This approach has been applied in only a few studies (for 
example Boehm et al. 2003; Horman et al. 2004; Simpson et al. 2004). It has been reported that classical 
indicators and alternative indicators showed significant cross-correlation with each other and as well as 
significant correlations with enteropathogens in surface waters (Horman et al. 2004).   
The detection and enumeration of classical indicators and pathogens using conventional culture and 
biochemical methods have some major limitations such as underestimation of the bacterial concentration due 
to injured or stressed cells. Furthermore, certain microorganisms in environmental waters could be viable but 
cannot be cultured using conventional culture techniques. In addition, some of the test methods are time 
consuming and labour intensive. Due to these limitations, direct monitoring of pathogens has not been 
explored for routine monitoring.  However, the application of PCR based methods have generated interest in 
direct monitoring of pathogens I environmental waters (Scott et al. 2002). The advantages of PCR based 
method are that they are rapid and can detect organism that are difficult to grow using conventional 
techniques. PCR based methods have been used to detect a wide array of pathogenic microorganisms in 
environmental waters (Olga & Okabe 2006). Multiplex PCR method can be used to target multiple pathogens 
in a single tube and the real-time PCR method to quantify the target gene in environmental waters have also 
been developed. A major drawback of PCR based methods is the inability to distinguish between viable and 
non-viable organism since the DNA of both live and dead cells could potentially be amplified in a reaction. 
Nonetheless, future research on PCR based methods will help to overcome some of the current limitations and 
enhance the capabilities for direct monitoring of pathogens in the environment.  
References 
Ahmed, W., Stewart, J., Powell, D. & Gardner, T. 2007, ‘Evaluation of Bacteroides markers for the detection 
of human faecal pollution’, Letters in Applied Microbiology, doi: 10.1111/j.1472-765X.2007.02287.x 
Allsop, K. & Stickler, J.D. 1985, ‘An assessment of Bacteroides fragilis group organisms as indicators of 
human faecal pollution’, Journal of Applied Bacteriology, 58, pp. 95-9.  
Avelar, K.E., Moraes, S.R., Pinto, L.J., Souza, W das G.S., Domingues, R.M. & Ferriera, M.C. 1998, 
‘Influence of stress conditions on Bacteroides fragilis survival and protein profiles’, Zentralbl Bakteriol, 287, 
pp. 399-409.  
Barlett, P.D. 1987, ‘Degradation of coprostanol in an experimental system’, Marine Pollution Bulletin, 18, pp. 
27-9.  
Bernhard, A.E. & Field, K.G. 2000, ‘A PCR assay to discriminate human and ruminant faeces on the basis of 
host differences in Bacteroides-Prevotella genes encoding 16S rRNA’, Applied and Environmental  
Microbiology, 66, pp. 4571-4. 
Bernhard, A.E., Goyard, T., Simmonich, M.T. & Field, K.G. 2003, ‘Application of a rapid method for 
identifying fecal pollution sources in a multi-use estuary’, Water Research, 37, pp. 909-13.  
 6 
Bonjoch, X., Ballesté, E. & Blanch, A. R. 2004, ‘Multiplex PCR with 16S rRNA gene targeted primers of 
Bifidobacterium spp. to identify sources of faecal pollution’, Applied and Environmental Microbiology, 70, pp. 
3171-5.  
Boehm, A.B., Fuhrman, J.A., Morse, R.D. and Grant, S.B. 2003, ‘Tiered approach for identification of a 
human faecal pollution source at a recreational beach: a case study at Avalon Bay, Catalina Island, California’, 
Environmental Science and Technology, 37, pp. 673-80.  
Borrego, J.J., Morinigo, M.A., de Vicente, A., Cornax, R. & Romero, P. 1987, ‘Coliphage as an indicator of 
faecal pollution in water, its relationship with indicator and pathogenic microorganisms’, Water Research, 21, 
pp. 1473-80.  
Bull, I.D., Elhmmali, M.M., Roberts, D.J. and Evershed, R.P. 2003, ‘The application of steroidal biomarkers 
to track the abandonment of a Roman wastewater course at Agora (Athens, Greece)’, Archaeometry, 45, pp. 
149-61.  
Chung, H. & Sobsey, M.D. 1993, ‘Comparative survival of indicator viruses and enteric viruses in seawater 
and sediments’, Water Science and Technology, 27, pp. 425-8.    
Craun, G.F., Calderon, R.L. & Craun, M.F. 2004, In: Cotruvo, J.A., Dufour, A., Rees, G., Bartram, J., Carr, R., 
Cliver, D.O., Craun, G.F., Fayer, R. and Gannon V.P.G (Eds.), ‘Waterborne outbreaks caused by zoonotic 
pathogens in the USA’, World Health Organization, IWA Publishing, London, pp. 120-135.  
Davies, C.M., Long, J.A.H., Donald, M. & Ashbolt, N.J. 1995, ‘Survival of fecal microorganisms in marine 
and freshwater sediments’, Applied and Environmental Microbiology, 61, pp. 1888-96.  
Desmarais, T.R., Solo-Gabriele, H.M. & Palmer, C.J. 2002, ‘Influence of soil on fecal indicator organisms in 
a tidally influenced subtropical environment’, Applied and Environmental Microbiology, 68, pp. 1165-72.   
Dick, L.K., Bernhard, A.E., Brodeur, T.J., Santo Domingo, J.W., Simpson, J.M. Walters, S.P. & Field, K.G. 
2005, ‘Host distributions of uncultivated fecal Bacteroidales bacteria reveal genetic markers for fecal source 
identification’, Applied and Environmental Microbiology, 71, pp. 3184-91.  
Elhmmali, M.M., Roberts, D.J., Evershed, R.P. 2000, ‘Combined analysis of bile acids and sterols/stanols 
from riverine particulates to assess sewage discharges and other fecal sources’, Environmental Science and 
Technology, 34, pp. 39-46.   
Evison, L.M & James A. 1974, ‘Bifidobacterium as an indicator of faecal pollution in water, pp. 107-116, 
Proceedings of the 7th  International conference on Water Pollution Research, Pergamon Press, Oxford.  
Field, K.G., Chern, E.C., Dick, L.K., Fuhrman, J.A., Griffith, J.F., Holden, P.A., LaMontagne, M.G., Le, J., 
Olson, B.H. & Simmonich, M.T. 2003, ‘A comparative study of the culture-independent, library-independent 
genotypic typing methods of fecal source tracking’, Journal of Water and Health, 1, pp. 181-94.  
Field, K.G. & Samadpour, M. 2007, ‘Fecal source tracking, the indicator paradigm, and managing water 
quality’, Water Research, 41, pp. 3517-38.  
Gawler, A. H., Beecher, J.E., Brandão, J., Carroll, N.M., Falcão, L., Gourmelon, M., Masterson, B., Nines, B. 
et al. 2007, ‘Validation of host-specific Bacteroides 16S rRNA genes as markers to determine the origin of 
fecal pollution in Atlantic Rim countries of the European Union’, Water Research, 41, pp. 3780-84.  
Gourmelon, M., Caprais, M.P., Ségura, R., Mennec, C. L., Lozach, S., Piriou, J.Y. and Rincé, R.A. 2007, 
‘Evaluation of two-library-independent microbial source tracking methods to identify sources of fecal 
contamination in French estuaries’, Applied and Environmental Microbiology, 73, pp. 4857-66.  
Hatcher, P.G. & McGillivary, P.A. 1979, ‘Sewage contamination in the New York Bight. Coprostanol as an 
indicator’, Environmental Science and Technology, 13, pp. 1225-29    
Hurst, C.J., Crawford, R.L., Knudsen, G.R., McInerney, M.J. & Stetzenbach, L.D. 2002, ‘Manual of 
Environmental Microbiology’, second ed. ASM Press, Washington, DC.  
Hörman, A., Rimhannen-Finne, R., Maunula, L., von Bonsdorff, C.-H., Torvela, N., Heikinheimo, A., 
Hänninen, M.-L. 2004, ‘Campylobacter spp., Giardia spp., Cryptosporidum spp., noroviruses, and indicator 
organisms in surface water in southwestern Finland, 2000-2001’, Applied and Environmental Microbiology, 
70, pp.  87-95.  
Jofre, J., Blasi M., Bosch, A. & Lucena, F. 1989, ‘Occurrence of Bacteriophages infecting Bacteroides 
fragilis and other viruses in polluted marine sediments’, Water Science and Technology, 21, pp. 15-9. 
 7 
Kott, Y., Roze, N., Sperber, S. & Betzer, N. 1974, ‘Bacteriophage as viral pollution indicators’, Water 
Research, 8, pp. 165-71.  
Kreader, C.A. 1995, ‘Design and evaluation of Bacteroides DNA probes for the specific detection of human 
faecal pollution’, Applied and Environmental Microbiology, 61, pp. 1171-1179.  
Leeming, R., Ball, A., Ashbolt, N., Jones, G. & Nichols, P. 1994, ‘Distinguishing between human and animal 
sources of faecal pollution’, Chemistry in Australia, 61, pp. 434-5.  
Leeming, R. & Nichols, P.D. 1996, ‘Concentrations of coprostanol that correspond to existing bacterial 
indicator guideline limits’, Water Research, 30, pp. 2997-3006.  
Mara, D.D & Oragui, J. 1985, ‘Bacteriological methods for distinguishing between human and animal faecal 
pollution of water: results of fieldwork in Nigeria and Zimbabwe’, Bulletin World Health Organization,  63, 
pp. 773-83.  
Mudge, S.M. & Gwyn Linten, D. 1999, ‘Comparison of sterol biomarkers for sewage with other measures in 
Victoria harbour, B.C., Canada’, Estuaries, Coastal and Shelf Science, 48, pp. 27-8.  
Okabe, S., Okayama, N., Savichtcheva, O. & Ito, T. 2006, ‘Quantification of host-specific Bacteroides-
Prevotella 16S rRNA genetic markers for assessment of fecal pollution in freshwater’, Applied Microbiology 
and Biotechnology, 74, pp. 894-901.  
Payment, P. & Franco, E. 1993, ‘Clostridium perfringens and somatic coliphages as indicators of the 
efficiency of drinking water treatment for viruses and protozoan cysts’, Applied and Environmental 
Microbiology, 59, pp. 2418-24.  
Pruss, A. 1998, ‘Review of epidemiological studies on health effects from exposure to recreational water’, 
Journal of Epidemiology, 27, pp. 1-9.   
Resnick, I.G. & Levin, M.A. 1981, ‘Assessment of Bifidobacteria as indicators of human fecal pollution. 
Applied and Environmental Microbiology, 42, pp. 433-8.  
Rhodes, M.W. & Kator, H. 1999, ‘Sorbitol-fermenting Bifidobacteria as indicators of diffuse human faecal 
pollution in estuarine watersheds’, Journal of Applied Microbiology, 87, pp. 528-35.  
Rozen, Y. & Belkin, S. 2001, ‘Survival of enteric bacteria in seawater’, FEMS Microbiology Reviews, 25, pp. 
513-29. 
Scott, T.M., Rose, J.B., Jenkins, T.M., Farrah, S.R. & Lukasik, J. 2002, ‘Microbial source tracking: current 
methodology and future directions’, Applied and Environmental Microbiology, 68, pp. 1089-92. 
Sieler, R.L., Zaugg, S.D., Thomas, J.M. & Howcroft, D.L. 1999, ‘Caffeine and pharmaceuticals as indicators 
of wastewater contamination in well’, Groundwater, 37, pp. 405-10.  
Simpson, J.M., Santo Domingo, J.W. & Reasoner, D.J. 2004, ‘Assessment of equine fecal contamination: the 
search for alternative bacterial source tracking targets’, FEMS Microbiology Ecology, 47, pp. 65-75.  
Seurinck, S., Defoirdt, T., Verstraete, W. & Siciliano, D. 2005, ‘Detection and quantification of the human-
specific HF183 Bacteroides 16S rRNA genetic marker with real-time PCR for assessment of human faecal 
pollution in freshwaters’, Environmental Microbiology, 7, pp. 249-59.  
Seurinck, S., Verdievel, M., Verstraete, W., & Siciliano, S.D. 2006, ‘Identification of human fecal pollution 
sources in a coastal area: a case study at Oostende (Belgium)’, Journal of Water and Health, 4, pp. 167-75.  
Sghir, A., Gramet, G., Suau, A., Rochet, V., Pochart, P. & Dore, J. 2000, ‘Quantification of bacterial groups 
within human faecal flora by oligonucletide probe hybridization’, Applied and Environmental Microbiology, 
66, 2263-2266.  
Sinton, L.W., Hall, C.H., Lynch, F.A. & Davies-Colley, R.J. 2002, ‘Sunlight inactivation of fecal indicator 
bacteria and bacteriophages from waste stabilization pond effluent in fresh and saline waters’, Applied and 
Environmental Microbiology, 68, pp. 1122-31.  
Tartera, C. & Jofre, J. 1987, ‘Bacteriophages active against Bacteroides fragilis sewage-polluted waters’, 
Applied and Environmental Microbiology, 53, pp. 1632-7.  
Walters, S.P., Gannon, V.P.G., & Field, K.G. 2007, ‘Detection of Bacteroides fecal indicators and the 
zoonotic pathogens E. coli O157:H7, Salmonella and Campylobacter in river water’, Environmental Science 
and Technology, 41, 1856-62.  
